The objective of this study was to estimate disparities in linkage to human immunodeficiency virus (HIV) care among Latinos by country/region of birth, HIV testing site, and neighborhood characteristics. A retrospective study was conducted using Florida HIV surveillance records of Latinos/Hispanics aged ‡13 diagnosed during 2014-2015. Linkage to HIV care was defined as a laboratory test (HIV viral load or CD4) within 3 months of HIV diagnosis. Multi-level Poisson regression models were used to estimate adjusted prevalence ratios (aPR) for nonlinkage to care. Of 2659 Latinos, 18.8% were not linked to care within 3 months. Compared with Latinos born in mainland United States, those born in Cuba [aPR 0.60, 95% confidence interval (CI) 0.47-0.76] and Puerto Rico (aPR 0.61, 95% CI 0.41-0.90) had a decreased prevalence of nonlinkage. Latinos diagnosed at blood banks (aPR 2.34, 95% CI 1.75-3.12), HIV case management and screening facilities (aPR 1.76, 95% CI 1.46-2.14), and hospitals (aPR 1.42, 95% CI 1.03-1.96) had an increased prevalence of nonlinkage compared with outpatient general, infectious disease, and tuberculosis/sexually transmitted diseases/family planning clinics. Latinos who resided in the lowest (aPR 1.57, 95% CI 1.19-2.07) and third lowest (aPR 1.33, 95% CI 1.01-1.76) quartiles of neighborhood socioeconomic status compared with the highest quartile were at increased prevalence. Latinos who resided in neighborhoods with <25% Latinos also had increased prevalence of nonlinkage (aPR 1.23, 95% CI 1.01-1.51). Testing site at diagnosis may be an important determinant of HIV care linkage among Latinos due to neighborhood or individual-level resources that determine location of HIV testing.
Introduction

L
inkage to care is a critical step in the human immunodeficiency virus (HIV) continuum of care, with early linkage and enrolment in HIV care resulting in life expectancies similar to that of the general population for people living with HIV. 1, 2 The National HIV/AIDS Strategy (NHAS) stated that by 2020 reduction in HIV infections and improvement in outcomes for people living with HIV should come by linking 85% of HIV-infected persons to care within 1 month of HIV diagnosis. 3 The current NHAS goals for screening, linkage, and retention in care could substantially reduce loss of life caused by HIV/AIDS in the United States (US). 4 Hispanic/Latino people (hereinafter referred to as ''Latinos'') are diagnosed with HIV at approximately three times the rate of their non-Latino white counterparts. 5, 6 Currently, 15% of Latinos diagnosed with HIV are not linked to care within 90 days of diagnosis. 7 In addition, linkage to care is lower among the overall population of Latinos living with HIV, as well as among Latino youth and Latino men who have sex with men (MSM), when compared with their non-Latino white counterparts. [7] [8] [9] Reported individual-level barriers to care for Latinos living with HIV have included documentation status and perceived risk of deportation, the complex nature of the US healthcare system, including provider-patient language barriers, and stigma from family and friends.
Contextual characteristics about the neighborhood of residence at time of HIV diagnosis, such as the proportion of the population whose income is under the poverty level, the racial/ethnic composition, and rural/urban status, have also been associated with HIV outcomes among Latinos and other minorities, but their role in prompt linkage to HIV care among Latinos has not been explored. [13] [14] [15] [16] [17] [18] Despite disparities identified along other steps of the HIV care continuum and survival by country/region of birth for Latinos, 14, [19] [20] [21] [22] a systematic review of the literature found no studies that compared linkage to care within Latino populations in the United States by country/region of birth. 23 Further, different HIV testing sites, both in the healthcare and nonhealthcare setting, show a range in utilization by race and ethnicity. 24, 25 Thus, for Latinos, it is important to consider both country/region of birth and specific testing site when examining and addressing linkage to HIV care at time of diagnosis. Therefore, the objective of this study was to estimate the magnitude of disparities in linkage to HIV care among Latinos by country/region of birth, HIV testing site, and neighborhood characteristics.
Methods
Datasets
Deidentified HIV surveillance records of individuals reported as Hispanic or Latino ethnicity were obtained from the Florida Department of Health (FDOH) enhanced HIV/AIDS reporting system (eHARS). All cases reported in eHARS must meet the Center for Disease Control and Prevention (CDC) HIV case definition. 26 Latino individuals were included in this study if they were diagnosed during 2014 or 2015 and were aged 13 or older. Individuals who died within 3 months of HIV diagnosis or who had missing or invalid data for ZIP code at time of diagnosis, a reported ZIP code with a population of zero based on American Community Survey (ACS), or cases diagnosed in a correctional facility were excluded. The 2009-2013 ACS was used to obtain characteristics of the neighborhood at time of diagnosis using ZIP code tabulation areas (ZCTAs). 27 ZCTAs are used by the US Census Bureau to tabulate summary statistics and approximate US Postal Service ZIP codes. 28 
Variables
Outcome. Linkage to HIV care was defined as documentation of an HIV laboratory test (HIV viral load or CD4 cells/lL) within 3 months of HIV diagnosis.
Predictors
Individual-level variables. The following data for individuals were extracted from eHARS: ethnicity, race, year of HIV diagnosis, sex at birth, age at HIV diagnosis, county of birth, mode of HIV transmission, HIV testing site, time between HIV diagnosis and death in months, time between HIV and AIDS diagnosis (if case progressed to AIDS), time between HIV diagnosis and first viral load test, time between HIV diagnosis and first CD4 test, residential ZIP code at time of diagnosis, and whether the person was diagnosed at a correctional facility.
Country/region of birth was categorized into the following mutually exclusive areas: the United States (excluding Puerto Rico), Puerto Rico, Cuba, Mexico, Central America, South America, and other/unknown. The US Census Bureau Hispanic origin classification was used to select the countries included in the Central and South America categories. 29 Mode of HIV transmission was self-reported during HIV testing, reported by a healthcare provider, or extracted from medical chart reviews. Due to the small number of cases, males with the risk factors of both injection drug use and MSM (n = 36) were included in the injection drug use category.
Testing site variable. HIV testing site for each individual was extracted from eHARS and categorized into the following groups: Blood bank, HIV facility (HIV case management agencies and HIV counseling and testing sites), hospital (including emergency room departments), outpatient (general, infectious disease, tuberculosis/sexually transmitted disease/family planning clinic), and other/unknown (drug treatment center, laboratory, ''other,'' and ''missing'').
Neighborhood-level variables. Neighborhoods were defined by ZCTA. Based on previous work by Niyonsenga et al., 30 13 socioeconomic status (SES) indicators were extracted from the ACS by ZCTA to develop an SES index of Florida neighborhoods: percent of households without access to a car, percent of households with ‡1 person per room, percent of population living below the poverty line, percent of owner-occupied homes worth ‡$300,000, median household income in 2013, percent of households with annual income <$15,000, percent of households with annual income ‡$150,000, income disparity (derived from percent of households with annual income <$10,000 and percent of households with annual income ‡$50,000), percent of population aged ‡25 with less than a 12th grade education, percent of population aged ‡25 with a graduate professional degree, percent of households living in rented housing, percent of population aged ‡16 who were unemployed, and percent of population aged ‡16 employed in high workingclass occupation (ACS occupation group: ''managerial, business, science, and arts occupations'').
Income disparity was calculated as the logarithm of 100 times the percent of households with annual income <$10,000 divided by the percent of households with annual income ‡$50,000. In addition, we extracted the proportion of the population in each ZCTA that was Hispanic/Latino and categorized it into three categories: <25%, 25-49%, and ‡50%. 31, 32 To categorize ZCTAs into rural or urban, we used Categorization C of Version 2.0 of the rural-urban commuting area codes, developed by the University of Washington WWAMI Rural Research Center. 33 
Statistical analyses
Development of neighborhood SES index. To calculate the SES index, we coded all neighborhood-level variables from the ACS so that higher scores corresponded with lower SES (higher disadvantage); they were then standardized. Then we conducted a reliability analysis. The Cronbach's alpha for all 13 indicators was 0.93. We selected seven indicators based on the correlation of the indicator with the total index (high correlation), and the Cronbach's alpha if the item was deleted (low alpha). The seven indicators selected were percent below poverty, median household income, percent of households with annual income <$15,000, percent of households with annual income ‡$150,000, income disparity, percent of population age ‡25 with less than a 12th grade education, and high-class work. The resulting Cronbach's alpha increased (0.94).
We then conducted a principal component analysis (PCA) with and without varimax rotation. PCA revealed one component, which accounted for 73.49% of the variability in the indicators. Because all the original variables were highly correlated with the component (factor loadings between 0.80 and 0.93), we retained all seven indicators. Finally, we added the standardized scores for the seven variables and categorized the scores into quartiles.
Imputation of race. A total of 88 Latinos in our study were missing data on race. We used SAS software, version 9.4 (SAS Institute, Cary, NC 2002), to impute data for race. We created 10 datasets with imputed data for race using the Multiple Imputation (MI) Procedure in SAS. We used year of HIV diagnosis, sex, age, country of birth, and HIV transmission mode to predict race in a fully conditional specification model. 34 All subsequent analyses were fitted by imputation by constructing pooled estimates.
Bivariate and multi-variate analyses. Individual-and neighborhood-level data were merged by matching the current ZIP code of each case with the ZIP code's corresponding ZCTA. First, we conducted descriptive analyses comparing individual-(including testing site) and neighborhood-level characteristics by country/region of birth for Latinos. Second, we used SAS (SAS software, version 9.4, SAS Institute, Cary, NC 2002) GENMOD Procedure to estimate crude and adjusted prevalence ratios (aPRs) and 95% confidence intervals (CI) for nonlinkage to care. Models attempted using the binomial distribution and logarithm link function (logbinomial regression) did not converge. Therefore, prevalence ratios and 95% CI were estimated using Poisson regression models with robust error variance provided by the generalized estimating equation approach. 35 The repeated statement with ''subject = ZCTA'' was used to account for correlation among cases living in the same neighborhood (ZCTA).
We estimated prevalence ratios using three models: crude model (Model 1), a model adjusting for country of birth, race, sex at birth, age at diagnosis, year of diagnosis, mode of HIV transmission, HIV diagnosis facility, and AIDS within 3 months of diagnosis (Model 2), and a model adjusting for all variables in Model 2 plus ZCTA-level SES, rural/urban status, and percentage of the population that was Latino (Model 3). The Florida International University Institutional Review Board approved this study, and the FDOH Institutional Review Board designated this study to be nonhuman subjects research.
Results
Characteristics of population
Of 2777 Latinos diagnosed with HIV in Florida during 2014-2015, four were <13 years of age, 46 died within 3 months of HIV diagnosis, 39 had missing or invalid data for ZIP code at time of diagnosis, none had a reported ZIP code with a population of zero, and 21 were diagnosed in a correctional facility. After imputation of race, 75 individuals were of a race other than black or white. Due to the small number of individuals and heterogeneity of this group, they were excluded from further analysis.
Of the remaining 2659 Latinos, the largest proportions were born in Cuba (27.3%), mainland United States (26.5%), or South America (13.8%), and the majority were of white race (95.5%), male (88.3%), and between the ages of 25 and 49 (68.0%) years (Table 1) . Seventy-three percent of Latinos reported MSM as a mode of HIV transmission, although the proportion varied by country/region of birth with most of those born in South America (84.2%) and Cuba (81.1%) but only 50.9% of those born in Central America reporting MSM. Of Latinos testing positive for HIV, 46.2% were tested at an outpatient clinical facility, and 31.4% were tested at an HIV counseling and testing or case management site.
In terms of neighborhood characteristics, 40.5% of Latinos resided in the lowest quartile of neighborhood SES, 98.9% in urban areas, and 43.1% in areas where greater than 50% of the population was Latino. While half of those born in Cuba and Central America lived in the lowest SES neighborhoods, only 30% of those born in South America did. Nearly threequarters (72.9%) of those born in Cuba lived in a predominantly Latino neighborhood.
Linkage to HIV care
Of 2659 Latinos, 18.8% were not linked to care within 3 months of HIV diagnosis (Table 1) . Compared with Latinos born in mainland United States, those born in Cuba (aPR 0.60, 95% CI 0.47-0.76) and Puerto Rico (aPR 0.61, 95% CI 0.41-0.90) had a decreased prevalence of nonlinkage to care (Table 2 ). Those diagnosed in 2014 compared with 2015 had an increased prevalence of nonlinkage (aPR 1.29, 95% CI 1.10-1.51), and those who had an AIDS diagnosis within 3 months of the HIV diagnosis had a decreased prevalence of nonlinkage (aPR 0.02, 95% CI 0.01-0.07).
Latinos diagnosed at blood banks (aPR 2.34, 95% CI 1.75-3.12), HIV case management and counseling and testing facilities (aPR 1.76, 95% CI 1.46-2.14), and hospitals (aPR 1.42, 95% CI 1.03-1.96) had an increased prevalence of nonlinkage to care compared with outpatient facilities. Latinos who resided in the lowest (aPR 1.10, 95% CI 1.04-1.17) and third lowest (aPR 1.33, 95% CI 1.01-1.76) quartiles of neighborhood SES compared with the highest quartile also had an increased prevalence of nonlinkage to care. Latinos who resided in neighborhoods with <25% Latinos also had increased prevalence of nonlinkage to care (aPR 1.23, 95% CI 1.01-1.51).
In post hoc analyses, we attempted to examine two-way interactions between country/region of birth, testing site, and neighborhood poverty. However, models with interactions between country/region of birth and testing site, and country/ region of birth and neighborhood poverty did not converge due to small cell sizes.
Discussion
Between 2014 and 2015 in the state of Florida, linkage to care varied by country/region of birth, with nonlinkage to care within 3 months of HIV diagnosis more likely among mainland US-born Latinos than those born in Cuba and Puerto Rico. Nonlinkage was also more likely among Latinos who tested at a blood bank, HIV, and hospital facilities compared with Latinos who tested at outpatient facilities. Differences in linkage to care existed at the neighborhood- Controlling for individual-level variables (country of birth, race, sex at birth, age at diagnosis, year of diagnosis, mode of HIV transmission, HIV diagnosis facility, and AIDS within 3 months of diagnosis).
Model 3: Controlling for individual-level variables and neighborhood-level variables (ZCTA-level SES, rural/urban status, and percentage of the population who was Hispanic/Latino).
AIDS, acquired immune deficiency syndrome; CI, confidence interval; HIV, human immunodeficiency virus; IDU, injection drug use; MSM, male to male sexual contact; PR, prevalence ratio; RUCA, rural urban commuting area; SES, socioeconomic status; US, United States; ZCTA, ZIP code tabulation area. level such that nonlinkage was more likely among Latinos who resided in neighborhoods of lower SES and those in neighborhoods with low Latino population density.
The proportion of Latinos who were not linked to care within 3 months of an HIV diagnosis in our Florida study (18.8%) was similar to findings from two studies of Latinos with HIV in 19 US jurisdictions using National HIV Surveillance System (NHSS) data from 2010 (19.7%) and 2011 (18%). 6, 36 Similar to our study, these two previous studies used laboratory data to define linkage to HIV care services. Our finding was not consistent with a study of Latinos in the United States, Puerto Rico, and US Virgin Islands that examined individuals diagnosed in 2014 using National HIV Prevention Program Monitoring and Evaluation (NHM&E) data and found a 3-month nonlinkage to care rate of 38.9%. 5 Methodological differences may explain these discrepant outcomes. The study conducted by Rao et al. 5 was of publicly funded testing events, and thus, its results would be most comparable with cases in our study tested at HIV counseling and testing or case management sites where nonlinkage was higher (25.5%) than the overall percentage. In addition, Rao et al. defined linkage to care by attendance to first medical appointment. 5 Our study used the date of the first laboratory test. It is possible, that in some settings a laboratory test is ordered before the first medical appointment in light of a positive HIV test. 37 Rao et al. also stated that their findings represent the minimum percentage of Latinos linked to care and that their calculations likely underestimate the actual percentage of individuals linked by including records with invalid data in the denominator. 5 Our findings suggest that Latinos born in Cuba and Puerto Rico are more likely to be linked to care within 3 months of HIV diagnosis than mainland US-born Latinos. In a recent study by our group, Latinos living with HIV who were born in Cuba were also more likely to be retained in HIV care and be virally suppressed than US-born Latinos. 22 Presumably our findings are not due to differences in access to care given that Latinos born in Cuba (due to their refugee status) and Puerto Rico (due to birth in a US territory) have similar legal provisions for accessing care than US-born Latinos. 38 However, differences in SES between these groups that affect eligibility for HIV services such as the Ryan White HIV/AIDS Program may play a role in these results.
Studies of healthcare utilization among Latino groups have reported mixed findings. For example, a study using data from the National Health Interview Survey found that Cubans were more likely to delay or forgo care than other Latino heritage groups. 39 However, they also found that Puerto Ricans were less likely than any other group to delay or forgo care. A second study using a national sample of Latinas found that Puerto Ricans had the highest rate of mental health service utilization and Cubans the highest rate of specialized care utilization compared with other Latino heritage groups. 40 It is important to note that our study compared Latinos by country/ region of birth and not heritage. Our data do not allow us to identify the heritage of US-born Latinos; thus, our cultural discussion of this group is limited. It is also important to highlight that Cubans are the predominant Latino ethnic origin group in Florida and that increased exposure to Cuban social networks may provide a protective effect.
Our study did not find differences in linkage to care by race, sex, or age. In addition, we did not find differences by mode of HIV transmission except for the ''other/unknown'' category. We were unable to identify any study that examined disparities in linkage to HIV care by race among Latinos. Our finding that men, women, and individuals in varying age groups have similar linkage to care is consistent with a study of Latinos in 19 US jurisdictions. 6 Testing at a blood bank, HIV counseling and testing site or case management site, or a hospital compared with an outpatient facility was a significant predictor of nonlinkage to care among Latinos in our study. Previous studies have suggested that if the person who provided the patient with a positive HIV diagnosis scheduled the follow-up appointment, the patient was more likely to be linked to care. 24, 41 It is possible that this level of assistance linking individuals to HIV care is not possible at blood banks. It is also possible that individuals testing at blood banks are different in demographics, risk perception, access to care, HIV disclosure preferences, or neighborhood factors from those testing in other settings. For example, in our study, 26.8% of blood bank cases had no identified or reported risk factor compared with 5.0% of outpatient facilities cases. In our study, HIV facilities included HIV screening sites.
These sites may have included health departments, community testing sites, or mobile testing units. A CDC study that examined linkage to care by HIV testing site reported that the proportion of newly diagnosed persons linking to care within 3 months was lower for nonhealthcare community HIV testing sites (67.7%) compared with primary care clinic (89.2%) and STD clinic testing sites (85.3%). 25 Similar findings were observed in two other studies. 42, 43 Our study found a marginal difference in the prevalence of nonlinkage to care between hospitals and outpatient facilities. Due to the way cases are reported in Florida, our group of Latinos diagnosed at hospitals/inpatient facilities included Latinos diagnosed at emergency room settings. Therefore, the increased prevalence of nonlinkage to care among those diagnosed in hospital settings may be a reflection of emergency room testing that does not lead to hospitalization. Linkage to care among individuals diagnosed in emergency departments (86.8%) has been reported to be lower than among individuals diagnosed in primary care settings (89.2%) and inpatient facilities (94.4%). 25 Latinos who resided in the lowest and third lowest quartiles of neighborhood SES were at increased prevalence of nonlinkage to care in our study. Neighborhood poverty has been associated with HIV outcomes, particularly with survival after HIV diagnosis, in other studies. [13] [14] [15] [16] 18 Possible mechanism for these associations could be increased psychosocial stress among individuals who live in disadvantaged neighborhoods, decreased positive social networks, and fewer health and social support services. [44] [45] [46] Notably, in a previous study by our group, we were unable to find an association between neighborhood SES status and retention in HIV care or viral load suppression among Latinos, suggesting that the mechanisms for the effect are different for each step along the HIV care continuum. 47 Our study also found a marginal increased prevalence among Latinos residing in areas where <25% of the population identified as Latino/Hispanic compared with areas where ‡50% of the population was Latino. In a previous study that examined delayed HIV diagnosis among Latinos, residing in an area with <25% Latino population density was also a risk factor compared with areas with ‡50% Latinos. 48 These findings may reflect a shortage of culturally targeted support services in nonpredominant Latino communities. Future studies are needed to explore characteristics of low and high Latino density areas, such as geographically clustered social capital or social support networks, that may explain the relationship between Latino population density and continuum of care outcomes. 49 Our study did not find a significant association between rural/urban status and linkage to care.
Our study has four main limitations. First, limited research suggests that foreign-born Latinos may be seeking care in their home countries. Therefore, we may underestimate linkage to care by examining care in the United States only. 50, 51 Second, laboratory tests may be ordered before a medical visit. Thus, defining linkage to care by laboratory test only may overestimate the proportion of Latinos linked to HIV care. 37 Third, HIV surveillance systems do not collect information on heritage, limiting our discussion of cultural factors affecting US-born Latinos. Finally, testing facility type for HIV tests performed at emergency room departments in Florida hospitals are documented as inpatient/ hospital facility. Therefore, it was not possible for us to determine the associated risk of nonlinkage to care among Latinos tested in emergency settings.
Blood banks and HIV testing facilities appear to be two important junctures for intervention where Latinos who are likely to link to care late get tested and diagnosed for HIV. Further, Latinos residing in areas of low SES and in areas of low Latino population density may require additional help linking to HIV care after diagnosis. The protective associations observed among Latinos born in Cuba and Puerto Rico should be explored further to determine the extent that culture, heritage, and social capital influence linkage to care.
